The observed afterglows of gamma ray bursts, in particular that of GRB 970228 six months later, rule out spherical explosions powered by mergers or accretion induced collapse of compact stellar objects in galaxies as the origin of Gamma Ray Bursts. They can be produced by superluminal jets from such sources.
INTRODUCTION
The isotropy of the positions of gamma ray bursts (GRBs) in the sky and their brightness distribution have provided the first strong indication that they are at cosmological distances (Meegan et al 1992; Fishman and Meegan 1995 and references therein) . The recent discovery of an extended faint optical source coincident with the optical transient of GRB 970228 ( Groot et al. 1997; van Paradijs et al. 1997; Sahu et al. 1997 ) and, in particular, the detection of absorption and emission line systems at redshift z=0.835 (Metzger et al. 1997a,b) in the spectrum of the optical counterpart of GRB 970508, which may arise from a host galaxy, have provided further evidence that GRBs take place in distant galaxies. For a Friedman universe with Ω ≈ 0.2, Λ = 0 and H 0 ≈ 70 km Mpc s −1 the peak luminosity of GRB 970508 in the 40-2000 keV range was approximately 10 51 dΩ erg s −1 , where dΩ is the solid angle into which the emitted radiation was beamed. Such γ-ray luminosities and their short time variability strongly suggest mergers and/or accretion induced collapse (AIC) of compact stellar objects (Paczynski 1986; Goodman, Dar and Nussinov 1987) , the only known compact sources which can release such enormous energies in a very short time. They also suggest that the gamma rays are highly collimated and their radius of emission is large enough in order to avoid self opaqueness due to γγ → e + e + pair production. A sufficient, and probably necessary, condition for this to occur is that they are emitted by highly relativistic outflows with bulk Lorentz factors, Γ = 1/ √ 1 − β 2 ≫ 1. Additional support for their emission from highly relativistic flows, such as relativistic fireballs (Cavallo and Rees 1976; Paczynski 1986; Goodman 1986) or relativistic jets (e.g., Shaviv and Dar 1995; Dar 1997 ) is provided by the non thermal γ-ray spectra. The observed radiation may be produced by self interactions within the flow (e.g., Paczynski and Xu 1994; Rees and Meszaros 1994) or by interactions with external matter (e.g. Rees and Meszaros 1992; Meszaros and Rees 1993) or with external radiation (e.g., Shemi 1993; Shaviv and Dar 1995; . Following the observations of the afterglows of GRB 970228 and GRB 970508, various authors have claimed that the observations support the fireball model of GRBs (e.g., Katz et al 1997; Waxman 1997a,b; Wijers et al. 1997; Reichart 1997; Vietri 1997; Rhoads 1997; Sari 1997; Tavani 1997; Sahu et al 1997) . However, while the fading of the afterglow of GRB 970228 in the X-ray and optical bands first appeared to be consistent with the oversimplified predictions of the fireball afterglow model (e.g., Meszaros and Rees 1997) , detailed observations of the afterglows of GRBs 970111, 970402, 970508, 970616, and 970828 , and in particular the recent observation with the Hubble Space Telescope of the fading afterglow of GRB 970228 six months later (Fruchter, 1997), do not support the fireball models. Contrary to the predictions made before their discovery (e.g., Meszaros and Rees 1997; Wijers et al. 1997) , the observed brightness of the afterglow, before it begins its power-law decline with time is neither constant with time nor independent of wave length. For instance, the flux density of the afterglow of GRB 970508 in the optical band increased by about a factor 5 within two days between its first detection until it began a ∼ t −1 decline (Djorgovski et al. 1997 ) while the flux density in the radio band (Frail et al. 1997 ) was found to fluctuate while increasing for a month and slowly decreasing afterwards (perhaps similar short time fluctuations of the afterglow in all spectral bands have not been detected yet because of poor resolution?) Perhaps the flexibility and multitude of free parameters of the fireball model could have been used to rescue the fireball models each time a difficulty or a contradiction arises, but here we show that there are severe problems and difficulties inherent to the spherical fireball models that together with the observed afterglows of GRBs, in particular that of GRB 970228 six months later, rule out spherical explosions powered by mergers/AIC of compact stellar objects within galaxies as the origin of GRBs. However, if the relativistic ejecta in merger/AIC of compact stellar objects is collimated into two opposite narrow jets, most of the problems of the spherical fireball models can be avoided and the general properties of GRBs and their afterglows can be explained quite naturally (Dar 1997b,c) .
ENERGY CRISIS FOR FIREBALLS
Lower bounds on the kinetic energy of fireballs, which were proposed to produce GRBs can be obtained directly from the duration of GRB afterglows and the mean baryon density of the interstellar medium (ISM) where they take place. These bounds imply implausible relativistic kinetic energy of the debris in spherical explosions driven by merger/AIC of compact stellar objects.
The spherical blast wave models assume (e.g., Meszaros and Rees 1997; Wijers et al 1997) that the ultrarelativistic explosion debris which expands with a Lorentz factor γ = 1/ √ 1 − β 2 drives a collisionless (magnetic) shock into the surrounding interstellar medium. They also assume that the collisionless shock which propagates in the ISM with a Lorentz factor γ s = √ 2γ accelerates it and heats it up to a temperature T ≈ γm p c 2 (in its rest frame). It is further assumed that a power-law spectrum of superthermal electrons, dn e /dE ′ ∼ E ′−p , is produced in the shocked ISM which emit synchrotron radiation with a power-law spectrum dn γ /dE ′ ∼ E ′−(p−1)/2 in the rest frame of the shocked ISM, from an assumed equipartition internal magnetic field. Photons which are emitted with a frequency ν ′ in the rest frame of the shocked material and at an angle θ ′ relative to its bulk motion, are viewed by a distance observer at a frequency ν and at an angle θ which satisfy, respectively, (e.g. , Rybicki and Lightman 1979) 
Photons emitted in the direction of a distant observer, from a radius vector r with an angle θ ≪ 1 relative to the observer line of sight, reach the observer with a time delay
( 2) relative to the arrival time of photons from the explosion center, r = 0. The flux of photons with frequency ν at a time t is obtained by summing over r, θ and ν ′ which yield the same t and ν while satisfying eqs. (1) and (2). Because of the power-law spectrum of the synchrotron radiation, the integration subject to eq. (1) is effectively limited to the highly boosted photons, i.e., to θ ≤ 1/γ(r). For the assumed strong shock heating, T p ≈ γmc 2 , energy-momentum conservation in the ultrarelativistic limit, which reads
≈ 0 with i = 2, require that the bulk Lorentz factor of the decelerating debris (mass M) and swept up ISM (ambient density n) decreases for large r like γ(r) ∼ γ(r 0 )(r/r 0 ) −3/2 . In fact, the assumption that the collisionless shock heats up the accelerated shocked material in its rest frame to a temperature T p ≈ γm p c 2 , has never been substantiated by self consistent magnetodynamic calculations nor by direct observations of radiation from decelerating superluminal jets. For T p < m p c 2 (or fast cooling) one has i = 1 and γ ∼ r −3 . However, in both cases, the second term on the right hand side of eq. (2) dominates the integration 2πr 2 sinθdθdr ≈ 2πr 2 θdθdr which yields in the ultrarelativistic
as was confirmed by numerical calculations (Waxman 1997c ). Ignoring radiation losses (which only shorten the deceleration time), the relativistic expansion lasts until the rest mass energy of the swept up material becomes comparable to the explosion kinetic energy,
, and consequently the explosion kinetic energy and the duration (in years) of the optical afterglow are related through
where n, the ambient density of the ISM, is in cm −3 . For normal ISM densities, n ∼ 1 cm −3 , and for afterglows which last for many months, such energies exceed even the total energy release in mergers/AIC of compact stellar objects, which is usually less than ∼ M ⊙ c 2 ≈ 1.8 × 10 54 erg. In fact, for normal ISM densities and afterglows which continue to fade for many months with the same power law decline (e.g., Wijers et al. 1997; Dar 1997b,c) , ∼ t −3(p−1)/4 , such energies are larger by orders of magnitude than the maximal plausible kinetic energy of a spherical explosions driven by merger/AIC of compact stellar objects. This is because a large fraction of the released energy is radiated in gravitational waves, and neutrino emission is inefficient in driving spherical explosions in gravitational collapse of compact objects. Typically, in core collapse supernovae explosions, the kinetic energies of the debris is about ∼ 1% of the total gravitational binding energy release. NS merger/AIC is not expected to convert a larger fraction of the gravitational binding energy release into kinetic energy of a spherical explosion. First, a large fraction of the binding energy is radiated away by gravitational waves emission, which is relatively unimportant in Type II supernova explosions. Second, neutrino deposition of energy and momentum in the ejecta is less efficient in NS mergers, because it lasts only for milliseconds and because neutrino trapping and gravitational redshift of neutrino energy are stronger than in core collapse supernovae. Indeed, detailed numerical calculations of spherical explosions driven by neutrinos in NS mergers (e.g., Janka and Ruffert 1996; Ruffert et al 1996) produce very small explosion energies. Although the numerical calculations still are far from being full general relativistic three dimensional calculations, let alone their inability to reproduce consistently supernova explosions, probably, they do indicate the correct order of magnitude of the kinetic energy in spherical explosions driven by NS merger or AIC of white dwarfs and NS.
Moreover, independent of the energy crisis of spherical explosions created by the long duration of the optical afterglow of GRB 970228, the observed γ ray fluences of GRBs and their cosmological distances also suggest an energy crisis for explosions driven by mergers/AIC of compact stellar objects. For spherically symmetric GRBs, no mechanism has been shown to be able to convert enough gravitational binding energy release in merger/AIC of compact stellar objects into γ rays. Numerical calculations have shown that the neutrino-antineutrino annihilation mechanism, which was proposed to produce GRBs in merger of neutron stars or accretion induced collapse (Goodman, Dar and Nussinov 1987) fails by several orders of magnitude (e.g. Janka and Ruffert 1996; Ruffert et al 1996) . Other proposed mechanisms which can convert relativistic kinetic energy into γ rays (e.g., synchrotron emission or inverse Compton scattering from internal/external radiation) do not seem to be sufficiently efficient, because most of the kinetic energy resides in relativistic baryons. They have never been demonstrated, in a self consistent calculation, to be able to power GRBs such as GRB 970508 with ≥ 10 52 erg in the 40-2000 keV alone, let alone hundred times brighter GRBs, like GRB 970616 with a gamma ray fluence of F γ > 4 × 10 −5 erg cm −1 s −1 , if their redshifts are similar to that of GRB 970508.
SHORT TIME VARIABILITY
In spite of many publications on relativistic fireball models of GRBs, so far the fireball models have not demonstrated that they can produce complex and versatile light curves and spectral evolutions like those observed for GRBs (see, e.g., Fishman and Meegan 1995 and references therein). First, a variable central engine must be fine tuned to arrange for shells to collide only at very large distances ( larger by more than 10 orders of magnitude than the size of the central engine!) where the produced γ-rays are not reabsorbed. Second, the transverse size of the spherical shell whose radiation is beamed towards the observer, rθ ≤ r/Γ where Γ ≈ γ(0), implies variability on time scales
i.e., comparable to the total duration of the GRB, while in many GRBs that last over 100 s, a variability on subsecond time scales, sometimes as short as milliseconds, has been observed (see, e.g., Fishman and Meegan 1995 and references therein).
ABSENCE OF SIMPLE SCALING
Relativistic blast wave models predict that GRB afterglows are scaled by powers of their basic parameters: total energy E, initial Lorentz factor Γ, surrounding gas density n, and distance D. However, GRBs 970111, 970228, 970402, 970508, 970616 and 970828 exhibited unscaled behavior and very different spectral properties (for the X-ray observations see Costa et al. 1997; Piro et al., 1997; Castro-Triado et al 1977; Feroci et al 1977; Heise et al. 1997 ; for optical observations see the compilation in Reichart 1997 and Sahu et al 1997b;  for radio observations see Frail et al 1997b and references therein). For instance, GRB 970111 had a γ-ray fluence 6 times larger than GRB 970228 but undetected X-ray emission 16 hours after the burst and no fading optical source was detected at a level of magnitude B=23 and R=22.6 (Castro Triado et al 1997) . GRB 970228 was 15 times weaker in γ-rays than GRB 970508 (Kouveliotou et al 1997 , Hurley et al 1977 but brighter in the optical band (see, e.g., Sahu et al 1977b and references therein). GRB 970228 was also brighter in the radio (Frail et al 1997a) and optical band than GRB 970111 whose fluence in γ-rays was about 100 times larger but was not detected in the optical band. The upper bound on the peak brightness of the (undetected) optical afterglow of GRB 970828 (Odewahn 1997) is about a factor 100 below the peak brightness of the observed optical afterglow of GRB 970508. Such spectral variability is observed in the afterglows of gamma ray flares from extragalactic relativistic jets of blazar and also in flares from galactic relativistic jets of microquasars (galactic superluminal sources) such as GRS 1915+105 (Mirabel and Rodriguez 1994) and GRO J1655-40 (Tingay et al. 1995) .
TOO FAST COOLING
Relativistic blast wave models generally assume that only a small fraction of the blast wave is radiated, as in the Taylor-Sedov norelativistic blast wave theory. But for GRB 970228 it was found that in the 2-10 keV window alone the radiated energy during the afterglow was about 40% of the energy in the gamma burst itself in the 40-700 keV band (Costa et al. 1997 ). For such a fast cooling, energy-momentum conservation requires that the Lorentz factor of the ("collisionless") shocked ISM and ejecta decreases like γ ∼ r −3 instead of γ ∼ r −3/2 for a slow cooling, which was used to derive the ∼ t −3(p−1)/4 fading of the afterglow (Wijers et al 1997) where p is the power index of the power-law spectrum of the GRB. Thus, the only successful prediction of the afterglow model (which also follows from jet models of GRBs where γB ′ ∼ r −3 ) is also doubtful. Moreover, the deceleration time of the relativistic fireball until γ(R) ≈ 2 in the observer frame is
where E K = 10 53 E 53 erg and n is the ISM density in cm −3 ). This short cooling time is already in conflict with the observed uniform decline of the afterglow of GRB 970228 over 6 months (Sahu et al 1997 Fruchter 1997 if [E 53 /n] −1/3 ≤ 1. Note that GRBs 970228 and 970508 appear within the optical luminous part of the faint distant galaxy (Sahu et al 1997 , Fruchter 1997 , Metzger et al 1997 , Djorgovsky et al 1997 where we do expect n ∼ 1.
DELAYED GEV GAMMA RAYS
A relativisticly expanding fireball which sweeps up ambient matter, its initial Lorentz factor decays gradually as its energy is shared and radiated over longer times in wave lengths which are progressively shifted and radiated to lower frequencies. Such a behavior perhaps can produce afterglows in X-rays, optical photons and radio waves, but it cannot explain the delayed emission of multi GeV γ-rays which was observed in GRB 940217 (Hurley et al. 1994 ) or γ-ray emission which extends over 2 days, which could be the case if the cluster of four GRBs (Meegan et al. 1996; Connaughton et al. 1997) were from a single source.
CONCLUSIONS
The observed afterglows of GRBs, in particular that of GRB 970228 six months later, seem to rule out spherical explosions powered by mergers/AIC of compact stellar objects within galaxies as the origin of GRBs. If GRBs occur within distant galaxies, and if GRBs are powered by merger and/or accretion induced collapse of compact stellar objects, then the flexibility and multitude of free parameters of the fireball models appear not to be able to rescue the models from an energy crisis, nor to explain their enormous diversity, their short time scale (subsecond) variability, the delayed emission of MeV and GeV γ-rays in some GRBs, and the spectral versatility of their afterglows, However, if the relativistic ejecta in merger/AIC of compact stellar objects is collimated into narrow jets, most of the problems of the spherical fireball models can be avoided and the general properties of GRBs and their afterglows can be explained quite naturally (Dar 1997b,c) . Highly collimated relativistic jets seem to be emitted by all astrophysical systems where mass is accreted at a high rate from a disk onto a central (rotating?) black hole. Highly relativistic jets were observed in galactic and extragalactic superluminal radio sources, like the galactic microquasars GRS 1915+105 (Mirabel and Rodriguez 1994) and GRO J1655-40 (Tingay et al. 1995) and in many extragalactic blazars. They are believed to be produced by mass accretion onto, respectively, stellar and supermassive rotating black holes. They produce γ-ray flares with afterglows in the X-ray, optical and radio bands with non-thermal power-law spectra and with hardness which is correlated with intensity fluctuations that are superimposed on a fast rise and a power-law decline with time. GRBs may be produced by superluminal jets ejected from merger/AIC in close binary systems of compact stellar objects (microquasars, binary pulsars, ...) when the mass accretion rate in these systems becomes enormous, M ⊙ within a few milliseconds, leading to their violent death (Dar 1997b,c) . Thus, if GRBs are produced by such accretion jets, they should show superluminal motion and be accompanied by afterglows in the X-ray, optical and radio bands with non-thermal power-law spectra and hardness which is correlated with intensity fluctuations that are superimposed on a fast rise and a slow power-law decline with time.
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